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T The research conducted during the last year has been primarily
directed toward the development, of new controller synthesis techniques
~for large modern Air Force aircraft. Control and modeling of systems
with distributive parameters and time delays have been considered.
SThe goal has been to evolve techniques which can be readily used in
the design of controllerE to reduce structural loading during wind gusts
and in the design of controllers which can be used in configuring
the vehicle to reduce appendage size and weight while maintaining
Isatisfactory aircraft handling characteristics. An e-ientual goal is to

have techniques of synthesis which take account of control capa'.:iJities
during the original configuring of the behicle, that is, -to enable
design of the control syetem In parallel with the structure and propul-
sion systems.
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Ib•str:ct of Research Conducted

The rest arch conducted during the last year has been primarily

directed toward the devxrlopment of new contrcller synthesis techniques

for laxge -modern Mir Force aircraft.. Control and modeling of

systems with di.stributive parameters and time delays have been

ccnsidered. The goal ha:s been L,. evolve techniques which can

be readily use! in the de3ign of controllers to reduce structural

loading duriq wind gusts and in the design of control'ers which

can be used in configuring UhF vehicle to reduce appendage size

and weight while maint ain.,.na sattsfactory aircratt handling

characteristics. .A•n even*-tual go',l i. to havc techniques of

synthesis uhich take acc-yunt vf coi-rt:.ro3. capabilities during the

original ccnfiguring of the 7ehicle, that is. to enable design

of the control systeim in parillel -oith the structure and

propaision sycsteus.
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Accomplisbments during the last year include:

1) Completion of the quadratic theory of optii.Azetion for

linear system with time delays in the state znd cox,%-ol action.

2) Generalization of tae Cheory of con.rl,:li, and

observability to dynamical systems having zt..&.-rri able as a

o epoint in an infinite diensionl sac-a.

3) Raluation of various pattern recogInition schemes for

identifying faults in physical systems (electria, networks).

4) Completion of work. on techniques for: wisulating system

aith time delays usin.g a hy.irid computer and an evaluation of

various scm,•es f-or identifying parameters of tine delay systemso

Further discussion of these studies appi~arr in tbe net

section of this rezortý At the present time the work. is

con•tinuing on the theory of control configured vellicles ;ud

combined structural design,-control systm-i desiqn proolb2ez !the

development of the theoxy ol c(ontrollability, stabilit-y, and

observability fo:r infinite dinensional. dynanical sterns is

being contini.ed.

Discussion of resepxcb. conducted

The resew:ch has centered on the develorxyent of t ecn.'.iqgues

for contros.ler sinthesis when the controlled systeir, h.i -many

degrees of freedom (including dpstibu;ive ,a-ieters and time dela.ys).

Theoretical topics which have pzomise of prowiding conr(oller

synthesis procedures have beaa under continual investigation.
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in particularx the theory -of uquadr~atic contror- for systems with

time delays, and distributive parameters and. a system theory for

generalized dyýnamical syst'mJs lave been pursued~.

The research to extead the quadrati-c theory to the more

general model with tims deLays and diftributive parameters; was

done by RI. Thivo. Hie established that the Fredholm. resolven~t

,theory is a versatile tvol for solving quadraltic control problems

wvith time delay constraintcs. Previous work of -Schumitzky had

shown that vertain mnatrix Riccati eqwutý.cns are equivalent-

to PredhoEm. resolvents. Roivo was able to extend tihis

equiivalence to generalized Ri.ccati eqruations thiat arise in

the quadratic theory for t'lime 46elay systemsw, and therebhy

established a lin'k between Ithe known Carathe'od~ory theory of

feedback cantro:llera and the m-aximuums T-i-nciple theorry. He

also studied the problem. ofC ayrA-4les-is of feedback controllers

when retardation occurs in both lene state Exnd control variables

S (the delay in the control act ion- happens naturally in practically

all feefback control clesigns). Using the F'redholni resolvent

th-eo]ry and tb,, maximum principl)e for rsuch delayed action

problems KCoivo and Lee6 were able to comipete the theory of-

feed~back control for the de'Lanyd actionl systexts. -The quiadratic

P ' lera fo~c~ distxibutive s:;stertis waSI treated In a sinu+1lar imisxner. 3

IIr



Roberto Triggiani (in his Ph.D. thesis project) has begun

"investi:gating system psoperties for systems modeled by abstract

" differential .equations. where the system state is a point in a

separable real infinit6 dimensional Banach space. This model

includes classes of distributive parameter systems-expressed by

integro-differential equations and infinite- systems of linear

differentiai equations. His main concern has been to extend

-the controllability t-heory (anA also stability and observability

theory) of finite dimensional• •sstems to this more general type.

He initoduced ýhe concept of approximate controllability and

established a criterion for testing the approximate controllability

(hich -Is si-milar to the test in the finite dimensional case)using

the Hahn-Banach theorem.

He has also introduced a concept of asymptotic null

controllability, but in contrast to the finite dimensional case

such controllabi!ity does not in general imply the possibility

of selecting a teal bounded linea" feedback functional such that

the '.perator of the "closed loop" system., has its spectrum in the

, left half plane.- Ve is able to find subclasses which have thisI property. Triggiani has also been able to show that approximate

controllabili~t- aftits a dual version for observability for the

abstract syatem.
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"The thesis work of Donald Gustaf•:on2 was concerned with the

simulation of systems with time delays -and evaluation of various

algort~s fr id -iying parameters of tim delay systems.

A waveform reconstruction method was devised to minimize the

effects of zero-order hold circuitry present in normal sampled-

data -syster"as nd to compensate for time quantization errors.

The ,various software routines necessary for the simulation and

identification are indicated in the th.esis.

Some. effort was devoted to vehicle control problems of

various transportation systems. Kris. BurhardtI considered a

traffic network consisting of many fiversaturated intersections.

The problem he considered was that of fozmulating realistic

goals for the system and the optimization of the switching

cycle of the lights used to control the flow in the network.

Functional analysis and a maximur. principle were satisfactorily

applied to this problem. David Scharmack (in his Ph.D.

thesis project) is considering -the empty vehicle shuttling

problem for various small vehicle transportation system. A

stochastic model for the system has been developed which can

be used in the design of stations in the system. in particular

.he is able to predict custoa-er waiting times and rules for
•i• shuttling vehicles within the system.

Work is continuing (Thesis project of Robert Stover) to

develop better techniques for detection of faults in el.ectronic

circuits. At present various pattern recognition schemes are
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being modified and tested to determine their applicability to

the fault detection problem, (the hybrid computer is being

used: in the training phase).

The control of a large flexible spinning space station is

being investigated by S. Hummel in his Ph.D. Thesis research.

"Basically he is trying to determiie the control logic to be

used when men and equipment moje in predetermined paths in

the station.

Also the theory of optimal control from the set of

attainability point of view was extended to certain linear

periodic systems. The results of this study are reported in

the paper of Lee and Spyker. 7

Other Activities

Dr. E.B. Lee took part in the IFAC conference on Distributed

Systems held in Banff, Canada during June, the all Union

Conference on Control Problems held in Mosco.w during September

Fd an International Conference on Systems .ýheory held on the

Sanibel Island during January. In addition he visited the

Technical University. of Warsaw for one week in October and gave a

seminar talk at the Institute for Information Sciences and

Automation of the Czechoslovakian Academy of Science in Prague.

He also took part in the final oral briefing on the control

configured vehicle (CCV) advanced study contracts of Honeywell-



8

Lockheed, Boeing, Cornell and McDonnell held at the Air Force

Flight Dynamics Laboratory in Dayton during February.

As Associate director of the Center for Control Sciencea,

Dr. Lee has continued Uhe development of the University of

Yainnesota program in the control area. He was the advisor

of 3 Ph.D. students and 4 M.S. students who cm-pleted their

work during 1971. His own research has concentrated on the

development of techniques for control systems synthesis.
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